The granary weevil (Sitophilus granarius L.) is a stored grain pest, which causes major 5 economic losses. It reduces the quantity and quality of the grain by its feeding and 6 excretion. We have analyzed sequences of S. granarius mitochondrial cytochrome oxidase 7 subunits genes: mtCOI and mtCOII and compared them with mtCOI/II sequences available 8 in GenBank. The analyzed genes displayed a high level of homology between 9 corresponding subunits. We have undertaken attempts to develop detection methods for 10 contamination by S. granarius in wheat and wheat flour based on the molecular biology 11 techniques: standard and real-time PCR with a TaqMan molecular probe. We applied 12 specific primers designed on the basis of available sequences for mtCOI and mtCOII genes, 13 and established optimal reaction conditions. The specificity of both methods was studied by 14 using a species closely related to S. granarius -S. oryzae and S. zeamais. We showed that 15 the sensitivity threshold was very high -we were able to detect the equivalent of one beetle 16 per 100 kg of flour when the real-time PCR with TaqMan probe method was applied to 17 model samples. The primer sets used turned out to be species specific, and technique was 18 rapid, reliable and very sensitive. Real-time PCR is also an approved method of detection of GMO components in food. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Qualitative real-time PCR reactions were performed using MxPro 3005P (Stratagene, 
Analysis of the sensitivity and specificity of real-time PCR
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We evaluated also the absolute sensitivity of the real-time PCR reaction. We All samples were analyzed in triplicate.
7
Results
8
Analysis of the DNA sequences for mtCOI and mtCOII
9
To achieve our goal, we used the sequences encoding subunits of mitochondrial 10 cytochrome oxidase (COI and COII). We compared DNA sequences encoding I and II 11 subunits of mitochondrial cytochrome oxidases by using PCR amplification with 12 appropriate primer sets (Table I) . We analyzed the sequences of DNA of S. granarius 13 beetles available in our laboratory and compared them with sequences already deposited in 14 GenBank (AY131101 and M83970). We assumed that there could have been nucleotide 15 changes in these genes for S. granarius populations that have been geographically isolated. 16 Therefore, the amplified fragments were cloned, multiplied and sequenced. S. granarius as a positive control and from S. oryzae as a negative control. S. oryzae was 11 also a control of the specificity of primers and method. PCR reaction under conditions 12 described in the materials and methods and Table II gave single and distinct products in the   13 positive control and contaminated samples (Figure 2 ). There was no reaction product in 14 either the uncontaminated samples nor in the sample containing DNA from S. oryzae.
15
Therefore, the primers specificity for only S. granarius was confirmed and we can conclude 16 that standard PCR reaction works properly for detection of infestation with granary weevil. For real-time PCR, the primers qCOIISG1/2 (Table II) and TaqMan probe were used.
20
Detection of contamination with S. granarius with real-time PCR was performed using 21 DNA samples isolated from contaminated with insect beetles flour and from contaminated 22 with insect larvae wheat, from uncontaminated flour, and from uncontaminated wheat.
23
DNA isolated from S. granarius was used as a positive control of reaction. DNA from S. Analysis of the sensitivity of real-time PCR reaction 8 The sensitivity of the reaction was analyzed using several decreasing concentration of S. cleaning prior to processing. 5 The traditional method -so called 'filth test' is simple and currently used for 6 detection of insect fragments in grain. It is based on flotation and separation of extraneous 7 matter from grain followed by counting. This is useful for detection of contamination in 8 grain, but for detection of insect fragments in processed food is not applicable.
9
In our study, we have evaluated the usefulness of molecular biology techniques 10 (standard and real-time PCR) for detection of one of the most common stored-product 11 pests, S. granarius. After establishing optimal conditions of detection reactions we then 12 analyzed the specificity of the investigated methods using species closely related to S. range from a few up to a few thousand.
21
Our earlier analysis of COI and COII genes showed that differences in sequences 22 between S. granarius populations (our sequences and those previously deposited in 23 GenBank) are not a concern, so we may assume that our primers will be useful for prolactine receptor, or interleukin-beta genes using the DNA fingerprinting approach did 7 not result in the ability to distinguish between these species. 8 In the reaction, we applied a TaqMan probe in addition to the specific primer pairs.
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